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(57) ABSTRACT

A system for selectively attenuating light from a source of
light, such as the sun, to a person’s eyes in a vehicle. The
system includes an electro-optical element (10) interposed
between the source of light (16) and the person’s eyes (14).
The element (10) has pixels (18) that are operable to
individually attenuate (38) light passing therethrough. A
navigation system (28) determines a location and direction
of travel of the vehicle. A memory (24) contains a general
location for the person’s eyes within the vehicle. Informa-
tion (32) is made available for determining a position of the
source of light. A controller (24) operates to determine those
pixels of the elements that are calculated (38) to be between
the person’s eyes and the source of light, and to reduce the
light transmittivity of those pixels (38) to attenuate the light
from the source (16) to the person’s eyes (14).

16 Claims, 3 Drawing Sheets
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SELECTIVE LIGHT ATTENUATION
SYSTEM

FIELD OF THE INVENTION

The present invention is generally directed to the field of
light transmission systems, and specifically for light trans-
mission systems for attenuating light through a vehicle’s
windows.

BACKGROUND OF THE DISCLOSURE

Vehicle operators are often exposed to intense light
sources that can temporarily blind them while driving. Such
light sources can include the sun during the day and oncom-
ing headlights at night, for example. In addition, fixed
sources of bright light, such as misdirected lighting at a
factory and the like can also blind a driver. These intense
light sources are a safety hazard by posing a distraction
while driving. For example, the intense light may prevent
drivers from seeing a possible hazard in their path. More-
over, an intense light will probably require drivers to adjust
their sun visor to block the light source, which reduces their
attention to their driving. Further, the sun visor itself will
obstruct or lower a driver’s visibility. In addition, there are
many times when the sun visor, due to its mechanical
limitations, is ineffective in blocking light when the light
source is in areas not covered by the visor.

One solution is to provide tinting of the windshield and
other glass of the vehicle. However, complete tinting of a
windshield is illegal, and is also impractical at night. More-
over, the amount of tinting is limited by law, and therefore
cannot provide sufficient protection from intense light
sources such as the sun.

Another solution is to provide filtering, such as the use of
a liquid crystal display (LCD) screen which can be used with
cameras and sensors to detect the existence and position of
a light source. This, along with the visual detection of a
driver in the vehicle, is used to determine which portions of
the LCD can be activated to block the driver’s eyes from the
light source. However, this solution has the disadvantage of
being expensive, in that extra sensor and camera hardware
is needed to not only detect the driver’s (eye) position but
also the light source position. Moreover, the system requires
extensive computational complexity to track not only the
driver position but also the light source position, and then to
calculate their geometry in relation to the filter and the
coordinates of the specific pixels of the filter to activate in
order to block the light from the source to the driver.

Another solution is to provide spectacles that can block
light. This solution has the same hardware problems of the
previous case, and also requires even better tracking algo-
rithms as the system must account for the movement of a
driver’s head. As a result, this system must track the light
source, driver, and spectacles, making the real-time compu-
tational requirements even more severe. In addition, the
wearing of these cumbersome spectacles would be a burden
on the driver, making this solution impractical.

Another solution is to provide an automated mechanical
visor system. However, not only does this system have the
same problems as the sun visor described above, it also has
the disadvantage of extreme hardware additions and modi-
fications, not to mention the extensive control logic require-
ments. In addition, this system is prone to blockage of
movement and mechanical breakdown.

Therefore, the need exists for a system and method to
selective attenuate intense light sources that do not require
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additional sensors and cameras, and do not require the
tracking of a driver’s eyes or position. It would also be of
benefit to provide such a system and method with a mini-
mum amount of vehicle modifications, in order to reduce
complexity, increase reliability and lower costs.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention, which are believed
to be novel, are set forth with particularity in the appended-
claims. The invention, together with further objects and
advantages thereof, may best be understood by making
reference to the following description, taken in conjunction
with the accompanying drawings, in the several figures of
which like reference numerals identify identical elements,
wherein:

FIG. 1 is a view of a preferred embodiment of the present
invention;

FIG. 2 is a view of the user interface mapping to pixels of
FIG. 1; and

FIG. 3 is a flow chart of a method in accordance with the
present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The present invention describes a system and method to
selective attenuate intense light sources that do not require
additional sensors and cameras, and do not require the
tracking of a driver’s eyes or position. The present invention
can be applied to all vehicles, including land, sea, and
aircraft. The present invention requires the addition of an
electro-optic element that is disposed on one or more of the
glass surfaces of the vehicle, along with associated control
and processing devices. As a result, the present invention
provides a system and method with a minimum amount of
vehicle modifications, which reduces complexity, increases
reliability and lowers costs.

FIG. 1 demonstrates an application of the present inven-
tion in a vehicle, wherein the present invention selectively
attenuates light 11 from a source of light 16 to a person’s
eyes 14 in a vehicle. A view from the driver’s seat is shown
looking out of the windshield. The source of light can be any
intense light source such as the sun, oncoming headlights,
fixed roadside lights, etc. An electro-optical element 10 is
interposed between a source of light 16 and a person’s eyes
14 to provide the selective attenuation. It is envisioned that
a flexible element 10 can be provided that is adhesively
affixed to the windshield 12 with electrical connections
provided for data control by the controller 24 and for
providing power (vehicle battery). The element can be a
factory installed item, or an aftermarket installation. Pref-
erably, the electro-optical element 10 is disposed on an
inside of the windshield 12 of the vehicle. Alternatively, a
rigid element can replace an existing sun visor, to provide a
lower cost solution. In addition, the electro-optical element
10 can be further disposed on side windows 20 and rear
windows (not shown) of the vehicle. Further, the electro-
optical element 10 can be disposed on mirrors of the vehicle
including the side view mirror 22 and rear view mirror (not
shown). In fact, the electro-optical element 10 can be
disposed on any transparent or reflective surface of the
vehicle to provide complete coverage for the driver and
passengers of the vehicle. The electro-optical element 10 can
be composed of a liquid crystal display (LCD) element, a
lead lanthanum zirconium titanate (PLZT) element, electro-
chromic element, or any other element that can attenuate the
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transmission of light by application of an electromagnetic
field thereto, as are known in the art. It should be recognized
that other selective light attenuating media can also be used
equally well in the present invention. Preferably, the element
configuration chosen per window should have a large con-
trast ratio since there are legal requirement for at least a
certain minimum light transmittivity. However, different
windows have different transmittivity requirements. There-
fore, different element types can be combined in the present
invention. It is assumed that the electro-optical element 10
in this example includes the necessary power and driver
circuitry, as are known in the art, for proper control and
operation of the element under command of a controller 24.

The electro-optical element includes individual regions or
pixels 18 that are operable to selectively attenuate light 11
passing therethrough. The pixels can operate in either a fully
ON (absorbent) state or fully OFF (transmissive) state.
Preferably, the attenuation of the pixels can be modulated to
provide various degrees of attenuation. In the example
shown, only one pixel (see 18) is shown to attenuate light
from the source 16. However, it should be recognized that
several pixels can be used. For example, and group of pixels
can be attenuated to attenuate a larger light source. The
actual size and shape of the region of pixels to activate for
attenuation can be automatically determined, manually
selected, or a combination of both. In addition, the region of
pixels can be controlled to provide a gradient of shading
across the region wherein pixels near to the direct line of
sight of the light 11 are attenuated more than pixels that are
further away from the direct line of sight. In other words, the
present invention can provide graduated shading, wherein
the attenuation of individual pixels depends upon the near-
ness of the pixel to the direct line of sight. Of course, the
amount of gradient and shading depends upon the size of
each pixel wherein smaller pixels can provide more gradual
shading.

A controller 24 in the vehicle inputs data from several
sources, calculates geometries, and provides an output to
control the element 10. The controller 24 includes a memory
and calculates the coordinates of the pixels 18 (20, 22) of the
element 10 that are between the person’s eyes 14 and the
source of light 16. The controller then addresses the element
10 to reduce the light transmittivity of the calculated pixel
coordinates 18 to attenuate the light from the source 16 to
the person’s eyes 14. The controller calculates and addresses
which pixels to attenuate using inputs from either or both of
a manual user interface 26, such as touch pad (as shown), or
through auxiliary information means. The user interface can
also be a keyboard, microphone, or any other type of manual
or automatic input device.

The auxiliary information means include various devices
that provide information used by the controller to determine
a geometric relationship between a position of the sun, a
position of a driver’s eyes, and the location of individual
pixels of the element. These various devices can include one
or more of navigational information 28, ephemeris informa-
tion 32 for the sun, weather information 30, and a general
position of a driver’s or passenger’s eyes within a three-
dimensional space of the vehicle, which can be pre-stored in
a memory of the controller 24.

Navigational information 28 can be obtained either
through an onboard navigational system and/or through
external navigational assistance that is wirelessly commu-
nicated to the vehicle, using techniques known in the art.
The navigational information can include the time of day, a
compass direction of travel the vehicle, and a location of the
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vehicle. In this way, the orientation of the vehicle on the
globe can be determined for that particular time of day.

Ephemeris information 32 for the sun can be obtained
either through an onboard database or through external
ephemeris information that is wirelessly communicated to
the vehicle, using techniques known in the art. Using a
known time of day (referenced to GMT) the ephemeris
information can determined a location of the sun in the sky
for that particular time of day.

An internal memory (such as in controller 24) can be used
to pre-store the geometric location of individual pixels of the
element on the windshield, windows, and mirrors of the
vehicle, as well as storing a general location of a driver’s or
passenger’s eyes within the interior of the vehicle. For
example, in those vehicles capable of storing a user’s
preferences, such as seat position, mirror position, and the
like, the same system can be used to calibrate a location of
a user’s eyes relative to the element pixels. For example, a
driver or passenger can be directed to use the user interface
26 to select (activate) the pixel in the person’s view that lines
up with a known external reference, such as a particular spot
on the vehicle hood of fender. In this way, a general location
of the user’s eyes relative to the pixels can be calibrated.

Alternatively, the system can just assume a general loca-
tion of a user’s eyes. However, since a user interface is
already present, it is preferred that users calibrate the system
as described above. In this way, there are no additional
cameras or sensors needed to locate and track a user’s eyes.
Although eye location is only generalized, it is believed that
this is more than sufficient for proper operation of the
present invention in that users will automatically move their
head slightly to take advantage of any attenuated pixels that
are blocking a light source. Therefore, real time tracking of
a user’s eyes is not needed.

Optionally, the present invention can provide an occupant
detection system 36, as are known in the art, to only provide
pixel attenuation for passengers that have pre-stored infor-
mation and that are present invention vehicle, thereby avoid
unnecessary shaded spots for the driver. If a passenger is in
the vehicle, according to the occupant detection system, the
controller can control multiple regions of pixels to attenuate
the light from the source to any passenger’s eyes. It is
assumed that the system will always be active for the driver
of a vehicle. For example, the system could only be active
when the vehicle is moving or the transmission is in drive.
However, it is envisioned that the system could also be
active when the vehicle is not moving but with accessory
power on or engine running, for those cases where a person
may just be sitting in a car and waiting, such as at a traffic
stop, etc.

In inclement weather it would not be necessary for the
system to be operational (i.e. there is no sunlight to block).
Therefore, the present invention utilizes weather informa-
tion 30, from internal and/or external sources, to activate the
system for blocking sunlight. (However, the system may still
operate for other light sources as will be detailed below.)
Weather related information 30 can be obtained by onboard
means through the data bus 34 (e.g. controller area network-
ing (CAN) vehicle bus), such as whether the headlights are
on, the time of day (e.g. after sunset), whether the wind-
shield wipers are on, or through an ambient light detector
(such as one used to automatically activate headlights),
externally through a wireless communication with a weather
service. In this way, the system would only be active to
block sunlight when it is estimated that the sun is not
obscured (i.e. when there are no inclement weather indica-
tions).
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The present invention can also be used to block intense
light from sources other than the sun, such as oncoming
headlights at night, fixed roadside lighting, or even defen-
sive circumstances such as blocking laser light in aircraft or
military vehicles. For these instances, a driver or passenger
can use the user interface 26 to manually select pixels of the
element to attenuate light. The user interface can be utilized
from an existing user interface installed in the vehicle, or can
be added as an aftermarket item that can be hardwired into
the vehicle or provided with a wireless RF connection (e.g.
Bluetooth™) to the controller. Referring to FIG. 2, the user
interface 26 can be implemented as an in-dash virtual
touchscreen pad. The touchscreen can be menu driven for
example, to select a particular seating position in the vehicle,
a particular user, or both. In addition, the user can select
which portion of the element to attenuate (i.e. windshield,
left/right front/rear side windows, rear window, and even
individual mirrors). Once a relevant portion of the element
is selected, a user can then be presented with a grid overlay
of that particular region that maps the touchscreen locations
26 to the pixels 18 of the selected portion of the element, as
shown in FIG. 2. The user can then use the touchscreen to
select which pixels 38 to attenuate. For example, the user
can place their finger on the touchscreen and observe which
pixel of element is attenuated. The user can then slide their
finger over the touchscreen to “move” the attenuate pixel to
block the offending light source, similar to moving a mouse
on a computer screen. Alternatively, the section can be
selected by a text entry. The shape of the region of attenuated
pixels can also be defined according to pre-defined templates
and the time of day. For example, during the daytime an oval
region of pixels can be used to attenuate the sun (oval to
account for the parallax of the driver’s two spaced-apart
eyes relative to a substantial point light source). At night, a
rectangular region can be selected to block two side-by-side
headlights.

Afterwards, the user can modify the region around the
selected pixel to provide a region of pixels with various
attributes. For example, a user can leave their finger on the
particular selected pixel on the touchscreen, wherein the
attenuated (shaded) grouping of pixels expands 40 in a
roughly circular or oval shape (or other suitable shape such
as square or rectangular which can be a regular shape or
irregular shape) until the user removes their finger from the
touchscreen. Alternatively, a user can draw their finger
around the selected pixel to define a customized region 40 or
shape to be attenuated. Optionally, an intensity level (virtual
slide switch 42) or other means can be provided on the
touchscreen to increase or decrease the amount of attenua-
tion of the pixels. A virtual slide switch can also be used to
adjust the gradient of shading, size of shading region, shape
of shading region, etc. For example, the gradient of shading
can be such that the center pixel 38 has no (0%) transmit-
tivity, and the surrounding pixels 40 can have some (e.g.
25%) transmittivity. Pixels further from the center can have
more transmittivity to provide a smooth shading gradient.
Alternatively, if the pixels are sufficiently small, transmit-
tivity of each pixel can be either ON (100% transmittivity)
or OFF (0% transmittivity) and the ratio of ON/OFF pixels
within a region can be selected to provide the desired
percentage of transmittivity.

If the light source is fixed in the distance, once the user
has manually selected their desired attributes of the shaded
pixels, the navigation system can be used (upon user con-
firmation) to keep shaded pixels between the user and the
light source as the vehicle changes trajectory. For oncoming
headlights it may not be necessary to use the navigation
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system as the light sources will generally be in the same
pixel region, even though they are not fixed.

The manual selection of pixels as described above can
also be used to modify those pixels that are automatically
selected. For example, when the sun is low is the sky, there
might be an additional glare or reflection off of the hood of
the vehicle. Using the manual user interface techniques
described above the user can manually expand or redraw the
shade regions of pixels to cover not only the sun but also the
region of reflected glare.

Referring back to FIG. 1, the present invention also has
application to instances when the vehicle is not moving. For
example, in the summer time the temperature inside of a
parked vehicle can reach extreme levels. Inasmuch as the
present invention provides means to block sunlight, these
means can also be used to reduce the heat in the vehicle. In
this case, an onboard temperature sensor and means to detect
that the vehicle is not moving (such as detecting whether the
transmission is in drive or the engine is running on the CAN
bus), can be used to activate all the element pixels or, to save
electrical energy, only those pixel elements that are facing
the sun (using the previously determined navigational,
ephemeris, and/or weather information). Specifically, when
the temperature (inside or outside the vehicle) goes over a
predetermined threshold, the light transmittivity of the pix-
els in the element are adjusted to assist in maintaining an
interior temperature of the vehicle below the predetermined
threshold. The same system can be used to provide a privacy
setting when the vehicle is parked, wherein one or all
windows of the vehicle can be blacked out.

In addition, since a light controlling element 10 with
pixels 18 is disposed on a windshield 12 of the vehicle, said
element can also be used to transmit information to a person
in the vehicle, similar to a heads-up display. In particular the
pixels of the element can be controlled by the controller 24
to provide text and graphics on the windshield (or other glass
or mirrored surface). Such information can include vehicle
status information from the vehicle bus 34, or text messag-
ing information from a cellular radiotelephone system (not
shown) coupled (either wirelessly or wired) to the vehicle
controller.

FIG. 3 is a flowchart for a preferred embodiment of the
present invention of FIG. 1 to selectively attenuating light
from the sun to a person’s eyes in a vehicle. Originally, the
system calls for disposing 100 an electro-optical element on
at least a windshield of the vehicle. The element has pixels
that are operable to individually attenuate light passing
therethrough. A controller can be calibrated with the location
of'each addressable pixel in the element, which can be stored
in a memory 103, for example. The element can also be
disposed on side and rear windows or any glass surface. The
element can also be disposed on any of the mirror of the
vehicle. Preferably, a user interface is also provided 102, if
one does not already exist.

The method can operate in a manual mode where a user
can manually select the pixels to attenuate and the amount
of attenuation, or in automatic mode. The system can be set
by user preference to be in either automatic or manual mode,
or this can be user selected 101. In manual mode, in put is
received from the user interface 105, wherein a user can
select and modify 115 the pixels to be attenuated 114 as
described previously. In automatic mode, further informa-
tion is needed.

The method proceeds in automatic mode by acquiring 102
data including a general location of a driver’s and/or pas-
sengers eyes. This data can be calibration data as previously
described or a general estimate of a location of a user’s eyes.
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This information is stored in a memory 103, which can be
included in the controller. The method then determines
navigational information 106 for the vehicle. This can be
obtained from a navigation database 107 that is either stored
onboard the vehicle or is acquired through an external
wireless based service. The navigation information can
include at least the time of day, the location of the vehicle,
and the direction of the vehicle.

The sun’s position is then determined 108 using ephem-
eris information 109 that is either stored onboard the vehicle
or is acquired through an external wireless based service. If
it is night time (i.e. the sun is below the horizon), the method
could end or proceed to manual mode 105 to allow the driver
to manually compensate for oncoming headlights and the
like.

It can also be estimated if the vehicle is experiencing
inclement weather 1 10. Weather related information can be
obtained from a weather database 111 through an external
wireless based service or from onboard information through
the vehicle data bus 1 13. For example, onboard weather
related information can include whether the headlights are
on, whether the windshield wipers are on, or through an
ambient light detector (such as one used to automatically
activate headlights). If there is an indication of inclement
weather (i.e. the sun is obscured), the method could end or
proceed to manual mode 105 to allow the driver to manually
compensate for oncoming headlights and the like.

Given the driver and/or passenger eye locations from step
104, the vehicle orientation from step 106, the sun position
from step 108, the method can calculate 112 those pixels of
the element(s) that are between the person’s eyes and the sun
for a given time of day, ephemeris of the sun, and naviga-
tional information of the vehicle. The calculated pixels can
then be controlled to attenuate 114 their light transmittivity
to reduce the light from the light source to the person’s eyes.

Preferably, a driver or passenger can choose to manually
override or modify the automatic system by switching to a
manual mode, using any known way to input commands to
a system. In this way, a user can input new instructions 105
to override or modify 115 the pixels that are attenuated.
Optionally, the method for selectively attenuating pixels can
also be used to communicate 116 information to the person
using the pixels of the element. Specifically, pixels can be
select to display text and/or graphics by selective attenuation
of particular pixels. In this way, such information as vehicle
status or diagnostic information from the vehicle bus, or text
messaging information from a cellular radiotelephone sys-
tem, can be presented to a user similar to a heads-up display.

The present invention solves the problem of providing
selective light attenuation with a minimum of hardware
modification or cost. In it s basic form an electro-optical
element is disposed on a windshield of the vehicle. This
element can be controlled by an existing controller with
additional software, such as is available with a Telematics
unit for example. Although it is preferred that a user inter-
face be included, such user interfaces can already exist in a
luxury vehicle. Therefore, only the element hardware would
be required.

The present invention gives a drive greater control and a
wider range of shading, wherein driver distraction is poten-
tially minimized. The cost of the system can be offset by the
elimination of sun visor hardware and pre-tinted wind-
shields. The removal of the sun visors can open up space in
the vehicle for other systems, including the user interface of
the present invention. The present invention can also be
applied on a smaller scale by replacing the sun visor with a
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movable, semi-transparent electro-optical element, thereby
reducing hardware and installation cost.

While the present invention has been particularly shown
and described with reference to particular embodiments
thereof, it will be understood by those skilled in the art that
various changes may be made and equivalents substituted
for elements thereof without departing from the broad scope
of the invention. In addition, many modifications may be
made to adapt a particular situation or material to the
teachings of the invention without departing from the essen-
tial scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiments disclosed
herein, but that the invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. A system for selectively attenuating light from a source
of light to a person’s eyes in a vehicle, comprising:

an electro-optical element interposed between the source
of light and the person’s eyes, the clement having
pixels that are operable to individually attenuate light
passing therethrough;

a navigation system operable to determine navigational
information of the vehicle including a location and
direction of travel of the vehicle;

a memory that contains pre-stored general location for the
person’s eyes within the vehicle;

information for determining a position of the source of
light; and

a controller coupled to the element, navigation system,
and memory, the controller operable to determine those
pixels of the element that are calculated to be between
the person’s eyes and the source of light, and to reduce
the light transmittivity of those pixels to attenuate the
light from the source to the person’s eyes.

2. The system of claim 1, wherein the element is disposed

on glass surfaces of the vehicle.

3. The system of claim 1, wherein the element is disposed
on one or more of the group of a windshield of the vehicle,
the windows of the vehicle, and the mirrors of the vehicle.

4. The system of claim 3, further comprising an occupant
detection system coupled to the controller, wherein the
controller controls multiple regions of pixels to attenuate the
light from the source to any passenger’s eyes.

5. The system of claim 1, wherein the source of light is the
sun, and wherein the controller uses the location of the
vehicle, the direction of the vehicle, the time of day and the
information in the database to determine a position of the
sun in the sky relative to a location of the person’s eyes.

6. The system of claim 1, wherein the source of light is the
sun, and further comprising means for determining the
weather, wherein the system is only operable when it is
estimated that the sun is not obscured.

7. The system of claim 1, further comprising a user
interface coupled to the controller, wherein the user interface
can be used by the person to manually select pixels of the
element to attenuate light.

8. A system for selectively attenuating light from the sun
to a person’s eyes in a vehicle, comprising:

an electro-optical element disposed on at least a wind-
shield of the vehicle, the element having pixels that are
operable to individually attenuate light passing there-
through;

a navigation system operable to determine navigational
information of the vehicle including a location and
direction of travel of the vehicle;
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a memory that contains a pre-stored general location for

the person’s eyes within the vehicle;

ephemeris information for the sun; and

a controller coupled to the element, navigation system,

and database, the controller operable to determine those
pixels of the elements that are calculated to be between
the person’s eyes and the sun for the given time of day,
ephemeris of the sun, and navigational information of
the vehicle, those pixels are then selected for reducing
their light transmittivity to attenuate the light from the
sun to the person’s eyes.

9. The system of claim 8, wherein the element is also
disposed on the windows of the vehicle.

10. The system of claim 8, wherein the element is also
disposed on the mirrors of the vehicle.

11. The system of claim 8, wherein the controller is
operable to activate those pixels in a region that are on and
near a direct line of sight between the person’s eyes and the
sun to attenuate light through the region using graduated
shading, wherein the attenuation of individual pixels
depends upon the nearness of the pixel to the direct line of
sight.

20
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12. The system of claim 11, further comprising a user
interface coupled to the controller, wherein the controller
selects the pixels for attenuation and the person selects the
amount of attenuation.

13. The system of claim 8, further comprising a user
interface coupled to the controller, wherein the user interface
can be used by the person to manually select pixels to
attenuate and to adjust the light transmittivity of the manu-
ally selected pixels.

14. The system of claim 8, further comprising means for
determining the weather, wherein the system is only oper-
able when it is estimated that the sun is not obscured.

15. The system of claim 8, further comprising a tempera-
ture monitoring system coupled to the controller, wherein
the light transmittivity of the pixels in the element are
adjusted to assist in maintaining an interior temperature of
the vehicle below a predetermined threshold.

16. The system of claim 8, wherein the pixels of the
element are also operable, under controller, to communicate
information to the person.
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